V 



CM 

TP 
ON 




PATENT SPECIFICATION 

DRAWINGS ATTACHED. _ 

Date of Application a^id filing Complete Specification : 
March 6, 1061, No, 7998/61, 

AppliccUion made in United States of America (No, 13937) on 
March I960, 

Complete Specification Published : Nov. 20, 1903. 
© Crown Copyright 1963. 



942,214 



Index at Acceptance .-—Classes B6 J(7B, 7E, A2) ; Bo C(;3(>L, oGNl, ; B6 BiiKs ; B5 

N(IA, 2H2. 2N:3. 10B3). 

Intematioaal Classification B 4i b (B 41 g, B 20 d). 

COMPLETE SPECIFICATION. 

Apparatus for Embossing and Laminating Materials. 



10 



15 



20 



We, Marc Alfrhd Chavannes and 
Alfred William Fielding. Citizens of 
Switzerland and of the United States of 
America respectively, of 57 Montague Street, 
Brookyln 1, New York, and 907 Pine Lake 
Drive West. Wayne, New Jersey, both of the 
United States of America, respectively, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

This invention relates to the embossing 
and laminating of materials and more speci- 
fically to an improved apparatus for emboss- 
ing synthetic plastics and for laminating 
such embossed materials with other sheet 
synthetic plastic materials. 

The apparatus in accordance with the in- 
vention, while being generally useful, is par- 
ticularly applicable for use in the fabrication 
of cushioning material wherein air is en- 
trapped between laminated layers of syn- 
thetic plastic sheets. To this end. the in- 
vention contemplates an improved appara- 
tus for handling the plastic materials being 
formed and laminated that enables the 
attainment of high operational speeds and 
at the same time prevents distortion of the 
plastic sheets prior to and during the form- 
ing operation. 

Another object of the invention resides in 
the provision of an improved apparatus 
which greatly facilitates embossing and 
35 laminating of synthetic plastic materials that 
is characterised by its relatively high opera- 
tional speeds, dependability and reliability. 

Another object of the invention resides in 
the provision of an improved embossing 
roller arranged to cool selected portions of 
an embossed film while the film is retained 
[Price 4s. 6d.'\ 
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under a vacuum to hold its form during the 
cooling operation. By reason oi an im- 
proed arrangement and co-ordination of 
elements, the improved roller not only facili- 45 
tates the lamination of the selectively cooled 
and embossed film with other plastic sheets 
to seal the embossed portions, but also 
simplifies the roller construction and facili- 
tates modification of the. embossing surface 50 
on the roller. 

Still another object of the invention resides 
in the provision of an impoved embossing 
roller for embossing plastic materials. 

A further object of the invention resides 55 
in an improved pressure and vacuum system 
for embossing plastic materials. With these 
objects in view, the present invention pro- 
vides apparatus for embossing and laminat- 
ing synthetic plastic films or sheet materials liO 
comprising an embossing roller including a 
cylindrical shell mounted for rotation and 
containing a chamber through which cooling 
fluid may be circulated, vacuum passages 
being provided in communication with sur- 65 
face openings or pockets of the roller 16 
permit vacuum to the applied to such open- 
ings or pockets, said passages being con- 
nected to a vacuum conduit, means for 
heating a first synthetic plastic film or sheet 70 
to embossing temperature and feeding it 
continuously to the embossing roller, means 
for heating a second synthetic plastic film 
or sheet to a fusing temperature and feeding 
it onto the embossing roller in overlyins 75 
relationship to the first film or layer, and a 
take off roller for receiving the combined 
films as they pass off the embossina roller 
after having cooled thereon. 

The invention will be described further, SO 
by way of example, with reference to the 
accompanying drawings, most of the figures 
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of which are common Lo our co-pending 
Patent Application No. 22717/63 (Serial 
No. 942.215) which concerns a "Method for 
embossing and laminating articles". In the 
5 accompanying drawings: — 

Fig. 1 is a diagrammatic view of one em- 
bodiment of laminating and embossing 
apparatus in accordance with the invention; 

Fig. 2 is a diagrammatic view of a modi- 
U) fied embodiment^of the laminating and cm- 
bossing apparatus of the invention; 

Fig. 3 is a diagrammatic view of still an- 
other embodiment of apparatus according to 
the invention, wherein at least three syn- 
15 ihetic plastic sheets or films are laminated 
lo produce a cushioning material; 

Fig. 4 is a diagrammatic view of still an- 
other embodiment of the apparatus of the 
invention, showing improved film handling 
20 means; 

Fig. 5 is a diagrammatic view of still an- 
other embodiment of the apparatus, utilizing 
pressure and vacuum embossing; 

Fig. 6 is an enlarged part-section view 
25 showing a part of Fig." 5 to illustrate certain 
characteristics thereof; 

Fig. 7 illustrates in diagrammatic form still 
another embodiment of the apparatus 
according to the invention which provides 
30 improved film support during the embossing 
and laminating operations; 

Fig. 8 is a cross sectional view of an em- 
bossed and laminated material fabricated in 
accordance with the invention; 
ili) Fig. 9 is a cross sectional view of an em- 
bossed and laminated material of the type 
such as may be produced by the apparatus 
shown in Fig. 3; 

Fig. 10 is a cross sectional view of an 
40 improved embossing roller in accordance 
with the invention, the section correspond- 
ing to the line 10—10 of Fig. 11; 

Fis. 11 is a cross sectional view taken 
alons the line 11— -11 of Fig. 10: 
45 Fie 12 is a cross sectional view taken 
alonS the line 12— 12 of Fig. 11; 

Fie. 13 is a cross sectional view taken 
along the line 13—13 of Fig. 12; 

Fiff. 14 is a view taken in the direction of 
50 I he arrow 14 of Fig. 12; 

Fie. 15 is a cross sectional view, similar 
lo FPc. 12, of the roller shown in Figs. 9. 10 
nnd II. but shows a modified arrangement 
for extracting air from the embossing re- 
;>5 cesses formed in the surface of the roller to 
ciTect the embossing process; 

Fis. 16 is a cross sectional view taken 
alonn the lines 16—16 of Fig. 15; 

Fis. 17 is a fragmentary portion of Fig. 
12, but illustrates a modified mode of ex- 
tracting air from the embossing recesses to 
elTect [he embossing process: and 

Fia. 18 is a fragmentary view correspond- 
ing to Fi2. 12 but illustrates still another 



Referring now to tJie drawings and more 
specifically to Fig. 1. there is diagrammatic- 
ally illustrated one form of the invention 
which is useful, among other things, for the 
fabrication of a product such as that illus- 70 
trated in Fig. 8. It will be obscrv^ed with 
reference to Fig. 8 that the product (denoted 
generally by the numeral 10) comprises an 
embossed or moulded synthetic plastic layer 
or film lU having a plurality of closely 75 
spaced embossments 12 distributed through- 
out the area of the film 11, and a sealing 
•layer 13 hermetically sealing the emboss- 
ments 12 to provide a plurafity of cells 14 
distributed over the surface of the material. 80 

The structure shown in Fig. 1 utilizes an 
improved embossing roller 15 in accord- 
ance with the invention. Various embodi- 
ments of suitable embossing rollers are 
shown in detail in Figs. 10 to 18 of the draw- So 
ings and will be described in connection 
with those figures. The two layers or films 
of synthetic plastic material 11 and 13 may 
be of any desired thickness, although films 
in the range of ,001" to .025" are generally 90 
used. The actual thickness of ^e films 
selected for a specific product would, of 
course, be determined by the characteristics 
required of the resultant material 10. 

More specifically, the synthetic plastic 95 
layer or film 1 1 may be fed from a supply 
roller 16 or other supply source to a first 
roller 17 which preferably includes a rubber 
or rubber-like surface. The film 11. after 
passing about the first roller 17 engages a 100 
pair of heating rollers 18 and 19. The heat- 
ins rollers 18'and 19 are disposed, relative 
to^the first roller 17, so that the film 11 
will contact substantial parts of their peri- 
pheries and thereby provide the maximum 105 
time for imparting heat to the film II. Inas- 
much as it has been found desirable to heat 
the film 11 gradually, the heating roller 19 
is maintained at a temperature above that of 
the heating roller 18. The film 11 then 110 
passes about an idler roller 20, an" expanding 
roller 21 and heatina rollers 22 and 23. The 
expanding roller 21 is made up of a plurality 
of longitudinal elements disposed in side-bv- 
side relationship to form a cylindrical struc- 115 
ture. These longitudinal elements are ar- 
ranged to be displaced radially outwards 
during rotation of the expanding roller 21. 
Such ^radially outward movement occurs 
only as each successive longitudinal element 120 
contacts the film 11, and the elements are 
thereafter retracted so that when ihey again 
contact the film 11 they will be moving later- 
ally to effect expansion of the film 11. The 
heating roller 22 further heats the film 11 125 
and the final heating roller 23 is customarily 
at a temperature close to or above the melt- 
ing point of the film 11 so that the film 11 
is heated to the necessary level of tempera- 
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is fed to ihe embossing roller 15. As will 
be described, ihe embossinu roller 15 is 
vacuum operated and is provided with a 
plurality or cells formed in the surface there- 
of for the piirpose or forming the emboss- 
ments 12 and cells 14 (sec FigrS) in the final 
article. The embossinii roller 15 is also 
water-cooled in a manner ihai will e.fcct 
cooling of the moulded portions of the lilm 
li and may be arranged to prevent cooling 
of unmoulded portions of the film 11 for 
the purpose of sealing the second or sealing 
plastic layer 13 thereto. 

By way of an example of the lempcra- 
lures of the heating rollers 18. 19. 22 and 23 
referred to above, when utilizing a low den- 
sity polyethylene having a thickness of about 
.005" and a melting point of approximately 
235^ F., the heating roller 18 may be heated 
10 about 180° F., the heating roller 19 may 
be heated to about 200° F.. the healing roller 
22 may be heated to about 225"* F. and the 
heating roller 23 may be heated to about 
260"= F. The film 11 is caused to travel 
over such rollers at relatively high speed, 
so that the temperature of such film is 
brought in the vicinity of its melting point, 
although it is important that melting of the 
rtlm 11 is not actually reached. 

The second or sealing layer 13 is. fed 
from a suitable film source such as a roll 

24, thence about a rubber surfaced roller 

25. heating rollers 26 and 27, an idler roller 
28, an expanding roller 29 and heating rollers 
30 and 31. The rollers 26. 27 and 30 and 31 
are heated to successively increasing tem- 
peratures so that the roller 31 will cause the 
sealing layer or film 13 to attain a tempera- 
ture in the vicinity of its melting point. The 
heating roller 31 is also in pressure engase- 
ment with the embossing roller 15 so that'as 
the sealing layer or film^l3 is applied to the 
embossed film II, the two films will fuse one 
to the other so as permanently to seal the 
embossments 12 and thus provide the sealed 
cells 14, as previously described. The seal- 
ing of the films 11 and 13 one to the other 
occurs only at the unembossed areas 11* of 
the film 1 1 , as may be observed more clearly 
in Fig. 8. It will also be observed that the 
sealing layer or film 13 is applied to the film 
1 1 in close proximity to the point of appli- 
cation of the film 11 to the embossing 
roller 15 to minimise cooling of the salient 
portions of the film 1 1 to which the sealing 
film 13 is fused. If desired, heating means 
may be introduced between the "heating 
rollers 23 and 31 to ensure maintenance of 
the unembossed areas IP of the film 11 at 
the fusing temperature. After the fusion has 
been completed the combined films con- 
tinue about the embossing roller 15 so that 
the product will be properly cooled before 
removal by a take off roller 32 and suitable 
transporting means such as a conveyor which 



includes conveyor rollers 33 and 34 and a 
co-operating belt 35. 

Under certain conditions i.i desirable 
to provide lor more rapid cooling of the 
combined film after lamination and*^ thereby 70 
permit greatly increased speeds of opera- 
tion. This can be attained by the embodi- 
ment of the invention shown in Fig. 2 which 
constitutes a fragmentary portion of Fig. 1 
and in which corresponding elements of both 75 
figures are denoted by like reference 
numerals. In Fig. 2 a shield 36 is disposed 
beneath the heating roller 3i and in close 
proximity to the embossing roller 15. Water 
injection means 37 is disposed beneath the SO 
shield 36 and sprays a cooling stream of 
water or other coolant directly upon the 
surface of the laminated films li and 13. 
Thie effects rapid cooling and sealing of the 
films and prevents any possibility of^separa- S5 
tion of the films during their travel about 
the embossing roller 15. When liquid cool- 
ants are employed, a suitable trough 38 is 
disposed beneath the embossino rolFer 15 to 
receive the sprayed liquid, whereupon it may 90 
be circulated through suitable cooling 
apparatus and associated pumps back to the 
water injection means 37. When utilizing a 
coolant, the degree of cooling may be con- . 
trolled by var>*ino the temperature of the 05 
coolant, as v,ell as the point on the emboss- 
ing roller 15 at which the coolant is applied. 
When the laminated film is cooled by a 
liquid coolant it is dried by use of pressure 
jets 39 and 40 from which dry air or other 100 
suitable gas is discharged ' against the 
laminated film under presslire. In this way. 
the jets 39 and 40 operate in the manner 
of doctor blades to remove or evaporate the 
liquid coolant from the surface of the film and 105 
effect complete drying of the laminated film 
before the latter is removed by the take off 
roller 32. as described in connection with 
Fig. 1. 

While the films 11 and 13, which arc cm- 110 
bossed and laminated as described in con- 
nection with Figs. 1 and 2 may b: of any 
suitable material, it is. of course, imponnni 
that the films should be of a material that 
will soften and melt with an increase in tern- 1 15 
perature. While films of this type are sener- 
ally referred to as "thermoplastic*', and such 
films arc generally utilized with this inven- 
tion, nevertheless, it is not intended that 
this invention is to be limited to the use of 120 
films classified generally in the trade as 
"thermoplastic" films, as any film capable 
of being moulded and sealed by apparatus 
in accordance with the invention may be 
used. For example, a film of . an unset 125 
thermosetting resin which undersoes a 
thermoplastic phase during heat thereof, may 
be employed. 

The apparatus illustrated in Fig. 3 serves for 
the production of the laminated article shown 130 
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in cross section in fig, y. Tiiis article corre- joining or the meeting surl'acei. This 
spends to the article shown in Fig. 8. and apparently results from the fact that the syn- 
corresponding eiemenis ot these figures are tnetic plastic tilm utilized in the formation 
denoted by Tike numerals, except that the of the cells 14 is a relatively poor heai con- 
5 article of Fig. 9 is generally denoted by the ductor so that when the overlying lilm 42, 70 
numeral 10', It will be observed, however, which has a temperature at about Us melting 
that the article shown in Fig. 9 includes an point, is applied a firm joint will resuU". 
overlying synthetic plastic layer or film 42 Fur;hcrmore, inasmuch as the cells 14 are 
which is heat-sealed to the upper surfaces hermetically sealed, substantial pressure can 
10 12' of the cinbossmLMiis 12. The heat sealing be applied to uge the overlying film 42 into 75. 
oi the layer 42 to the embossments 12 may contact with the cell embossments 12 with- 
be eifcciively and reliably accomplished by out damaging them in any way. 
th^ structure generally shown in Fig. 3. In After the overlying film 42 js joined lo 
this iigure ihat portion of the apparatus and overlies the cells^H, the resultant triple 
15 iuiliz;id for ihe handling and heating of the laminate (denoted by the numeral 10' in 80 
film 1 1, and the sealing layer 13 and the em- Fig, 9) then passes beneath a coolin^j belt 54 
bossing and laminating of these films is sub- of stainless steel or other suitable material, 
siantially identical to the structure shown in This cooling belt 54 is carried bv five rollers 
Fig. 1. and accordingly corresponding ele- 55 to 59, the rollers 56 to 59' being rela- 
20 menis are denoted by like numerals. NVhen tively small rollers, and the roller 55 beine a 85 
the two films or layers II and 13 have been relatively large cooling roller over which 
embossed and laminated as previously des- the cooling belt 54 travels throughout a sub- 
cribcd, tiie resultant product which now staniial portion of its periphery. The cool- 
corresponds essentially to that shown in Fig. bg belt rollers 56 and 59 are spaced a dis- 
25 8 is removed from the embossing roller 15 tance apart and are in pressure ensauemeiit, 00 
by a pair of take off rollers 43 and 44 carry- through the cooling belt 54, with the^ result- 
ing a surrounding take of? belt 45. This ant product 10* to hold the overlying film 42 
belt 45 may be of any suitable material, as in tight engagement with the cell "emboss- 
for instance, stainless steel, fabric or the ments 12 until its temperature has been 
30 like, and should be sufficiently taut to sup- lowered sufficiently to ensure permanent i)5 
port the laminated film firmly. This lamin- joining. The completed product 10* is then 
ated film, upon leaving the embossing roller transported from the apparatus by a suitable 
15 for transport about the take off roller 43 conveyor such as the conveyor belt 60 car- 
by the belt 45, has now been cooled and ried by conveyor rollers 61 and 62. 
35 each of the individual cells 14 hermetically In the embodiments of the invention so U.K) 
sealed preparatory to the application of the far described, the heated films are fed to the 
overlying film 42. moulding and laminatina roller 15 by means 
The overlying film 42 may be obtained of heated rollers. While rollers provide an 
from any suitable source of supply as. for effective means for heatina and applying the 
40 instance, a roll 46 of the film and it is fed film to the embossing roller 15, in certain 105 
about a scries of feed rollers 47 to 53. The cases it is desirable to feed at least one of 
feed rollers 48 and 49 are heating rollers for the films tangentially onto the embossinn 
successively increasing the temperature of roller 15 and to avoid actual contact of the 
the overlying film^ 42. The film 42 then heated film with roller surfaces. This may 
^5 passes over an idling roller 50, and an ex- be attained by an improved film heatin'iz llO 
panding roller 51, the latter corresponding and transporting means of the form illus'^ 
to the expanding rollers 21 and 29 previously trated in Fic. 4 of the drawings. In this 
described. The film 52 is then carried over fioure. the film 11 to be embossed may be 
_ heating rollers 52 and 53 to raise the tern- heated by means of rollers in substant'iallv 
perauire of the ovcrlyina film 42 to a fusing the same manner as illustrated and described 115 
temperature. The heating roller 53 is in in connection with Fig. 1. After the film II 
pressure engagement with the laminated has been preheated by heating rollers such 
structure on the take off belt 45 and leaving as the rollers 18, 19 and possibly also the 
the embossing and laminating roller 15 and heating roller 22 of Fig. I. the film 11 enters 
functions lo urge the heated overiying film the area between a pair of manifolds 63 and 120 
42 tightly against the embossments 12 of the 64. These manifolds 63, 64 extend through- 
sealed cells 14. out the entire axial length of (he embossing 
It will be observed at this pomt of the roller 15 which is substanliallv identical to 
process that, while the hermetically sealed the embossing roller 15 of Fig. 1. and are 
<»0 cells 14 have been cooled, a heat seal can be each provided with a plurality of orifices 125 
effectively attained, smce it has been found 63' and 64'. The manifolds 6^^ 64 are in 
that sufficient heat will be transferred from spaced relationship and include inlets 65 and 
the overlying film 42 to the embossments 12 66 for the admission of gas such as air or 
of the ceils )4 which are contacted by the the like, under pressure.^ As it is desirable 

h;> .>.-r!t.,n.. 4^ nnd Wilj therehv effect a cnnnlv nrMittnnnl h^-nf to th.. film 11 m I :?0 
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order to raise its tempcraiure lo the proper 
embossing temperature as previously aes- 
cribcd. it is preferable to supply healed air 
to these manifolds 63, 64. The pressure on 
the two manifolds 63. 64 is controlled so 
that the film J I will be supported solely by 
the gas emanatino from the orifices 63' and 
64' and will be guided onto the embossing 
roller 15. The utilization of manifolds has 
the advantage that these can be contoured 
so that they can be placed in close proximity 
to the embossing roller 15. In the present 
form of the invention, the upper manifold 
63 may also extend beyond the point of 
tangency with the embossing roller 15 as 
indicated in dotted lines and thus continu- 
ously apply heat to the film even after con- 
tact with the embossing roller 15 and initia- 
tion of the embossing process. The second 
film or sealing layer 13 is handled by the ex- 
panding roller 29 and healing rollers 30. and 

31 which correspond to the rollers which 
bear the same numerals in Fig, 1. After the 
embossing and laminating processes have 
been completed, the composite materia] is 
cooled and is removed from the embossing 
and laminating roller 15 by a take off roller 

32 and the resultant product 10 is then con- 
veyed from the fabricating apparatus. 

Figs. 5 and 6 illustrate a modified appara- 
tus for embossino and laminating film in 
accordance with the invention, fn this em- 
bodiment, the film 11 to be embossed is pre- 
heated by means such as those described in 
connection with Figs. 1. 3 and 4 and is then 
fed on to a modified form of embossing 
roller 15. At the point of contact of the film 
11 with the embossing roller 15, the film 11 
is forced into depressions 67 on the emboss- 
ing roller 15 (as may be observed in Fig. 6) 
by a pressure roller 68. The pressure roller 
68 has a rigid core 69 covered by a resilient 
surfacing 70 of rubber or the like which 
functions to force the film 11 mechanimally 
into the depressions 67 on the embossing 
roller 15. At the same time, the depressions 
67 are provided with suitable vacuum open- 
ings 71 which, in turn, arc connected with a 
vacuum chamber 72 within the embossing 
roller 15. Thus, the film 11 is mechanically 
forced into the depressions 67 and then is 
reiained in the depressions 67 by vacuum. 

After the embossing operation has been 
accomplished, the second preheated lilm or 
sealing layer 13 is then applied by means of 
a pressure roller 73 which corresponds to the 
healing roller 31 of Fig. 1. The film or seal- 
ing layer 13 seals the embossments 12 of the 
film 11 to form a plurality of individual 
cells 14. as illustrated and described in con- 
nection with Fig. 8 and the completed and 
cooled product is removed by a stripping 
roller 74. The finished product is denoted 
in these figures by the numeral 75. 

Fig. 7 illustrates a modified arrangement 



of elemenls for the feeding of synthetic 
plastic films 11 and 13 to b/cmbossed and 
laminated on to the embossing roller 15 and 
then cooling the laminated structure rapidly 
in order to facilitate the attainment of higher 70 
speeds of operation. The product produced 
in accordance with this embodiment of the 
invention is denoted by the numeral 10 and 
corresponds to the structure generally shown 
in Fig. 8 of the drawings. It is to be under- 75 
stood, however, that while the cells 14 of 
Fig. 8 have a generally rectangular configura- 
tion, it is evident that they may be ot" any 
desired shape, for instance, hexagonal, or 
circular in cross-section, or hemispherical. 80 

The film 11 to be embossed by the em- 
bossing roller 15 is preheated by a series of 
rollers in substantially the same manner as 
described in connection with Fig. I. The 
preheated film 11 is then fed onlo the em- 85 
bossing roller 15 by means of a heated roller 
76 which raises the film temperature to a 
point near its melting point as may be re- 
quired for proper embossing of the film. The 
second film or sealing layer 13 is also pre- 90 
heated in the manner illustrated and des- 
cribed in connection with Fig. 1 and is fed 
in pressure contact with the film 1 1 to pro- 
vide a permanently fused laminate. 

In this embodiment of the invention, the 05 
two films 11 and 13 are held in pressure 
engagement one with the other during the" 
travel about the embossing roller 15 by 
meeans of an endless belt 77 which may be 
formed of a silicone-coaied fabric, silicone 100 
film, tetrafluoroethyiene film, or other suit- 
able material. The belt 77 is fed about a 
series of belt rollers 78, 79, 80 and 81 which 
are heated in order to impart a relatively 
high temperature to the belt 77 just prior to 105 
the point at which it is fed onto the emboss- 
ing roller. The film 13, as will be observed, 
is carried by the belt 11 during a portion of 
its movement about the roller 81 and is • 
moved into pressure contact with the em- 110 
bossed film 11. Thereafter, the two films 11, 
13 are held in pressure engagement by that 
portion of the belt 77 disposed about the 
embossing roller 15. The belt 77 is guided 
away from the embossing roller 15 by means 115 
of a take off roller 82 which also serves to 
strip the resultant product or material 10 
from the embossing roller 15, the material 
10 4hen being transported from the 
apparatus by suitable convey inn means 120 
such as a conveyor roller 837 After 
leaving the embossing roller 15, the 
endJess belt 77 is carried^ by a scries of sup- 
porting rollers 84, 85, 86 and 87 which return 
it to the heating roller 78. In order to en- 125 
sure constant pressure engagement of belt 
77 with the roller 15 one" or more of the 
supporting rollers are spring loaded and at 
least one other of such rollers is driven in 
order to move the belt 77 in synchronism with 130 
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the movemcni of the embossing roller 15. 

Because the belt 77 is heated, the film 13 
will have a constant supply of heat during 
the lime it makes initial contact with the 
film 1 1 and for a short distance thereafter, 
to ensure complete fusion with the film 11. 

In order to cool the resultant product 10 
before removal from the embossing roller 
15, cooling means are provided in the form 
of an endless cooling belt 88. of stainless 
steel or other suitable material carried by 
cooling belt rollers 89, 90 and 91. The 
cooling belt rollers 89, 90 and 91 are main- 
tamed at a relatively low temperature, pre- 
ferably about or below room temperature, 
for the purpose of constantly cooling the 
cooling belt 88. When the cooling belt 88 
moves into pressure contact with the outer 
surface of the endless belt 77, heat is with- 
drawn from the belt 77 and consequently 
the laminated product 10 thereon, so that by 
the time the resultant laminated product 10 
is stripped from the embossing roller 15. its 
temperature has been substantially lowered 
and permanent fusion of the films is assured. 

Under certain conditions it may be desir- 
able to preheat the surface of the embossing 
roller 15 just prior to the application of the 
film 11 for the embossing operation. For 
this purpose, a suitable preheating plate 92 
may be provided and placed in close proxi- 
mity to the surface of the embossing roller 15 
in advance of the heated roller 76. Pre- 
heating of the embossing roller 15 may, of 
^5 course, be utilized with the embodiments of 
the invention previously described. 
A preferred form of the embossing roller 
15 is shown in Figs. 10 to 14. This roller 15 
t>e made in any desired length and 
40 affords a number of advantages, including 
independent control of the vacuum emboss- 
infi means and cooling means, as well as 
automatic valving for the control of the 
vacuum to avoid unnecessary loss of vacuum 
over exposed portions of the embossing roller 
15 between the point of application of the 
film to be embossed and the point at which 
the final product is stripped from the roller 

More specifically, the embossins roller 15 
mcludes a central hollow shaft 100 having 
threaded inserts 101 secured in the ends 
thereof for the reception of conduits 102 for 
the mtroduction and removal of a cooling 
liquid such as water or the like. The shaft 
100 is rotatably mounted by suitable bear- 
ings 103 and may be driven in any desired 
manner as. for instance, by means of a suit- 
able pulley or gear secured to the shaft 100 
for the transmission of power to the roller 
structure. 

The roller in accordance with the inven- 
tion IS fabricated of a number of independent 
elements secured one to the other in order 
to reduce fabrication costs and provide an 



50 



improved and more dependable structure. 
More specifically, the roller includes a pair 
01 circular elements or hubs generally de- 
noted by the numerals 104 and 105. and of 
Identical construction. Each of these hubs 7i» 
includes a central portion 106 and an out- 
wardly extending flange 107 of appreciable 
thickness. The flange 107 is set back from 
the inner edge 108 of its hub 104 or 105 to 
form a cylindrical surface portion 109 and 75 
the outer portion of the hub 104, 105 is of 
reduced thickness to form adjoinina bear- 
ing surfaces 110 and 111. The flanScs 107 
each include a plurality of radially disposed 
passages 112 through which air is exhausted S<) 
and v/hich terminate at their lower ends in 
axially disposed openinss 113 which, in turn, 
terminate in the face 1 1 1 of the hub. The 
outer ends of the radially disposed passages 
lU, the relative angular positions of which S5 
may be observed more cleady in Fi^ 11 
are closed by suitable pluas 114. ' 

The two hubs 104 and' 105 are carried 
near the ends of the shaft 100 and are each 
provided with recesses 115 for the reception 00 
ot U-nngs or other suitable casket material 
to seal ihe hubs 104. 105 to^tJie outer sur- 
face ot the shaft 100. In addition, the shaft 
100 may carry suitable stops 116 to deter- 
mine the innermost positions of the hubs 104 05 

1^^- The hubs 104 and 105 are joined 
together by a bridging member comprisini: 
a cylindncal shell 117. of steel or other suit"^ 
able material, having a pair of rings 118 
permanently secured to its ends and extend- 100 
m? inwardly thereof. The inner diameter of 
each of the rings 118 is approximately equal 
to the diameter of the hub surface 109 and 
O-rings 119 are provided to form a seal 
between each hub 104 or 105 and its associ- 105 
ated ring 118. 

Attachment of the hubs 104 and 105 to the 
bndging member includins the shell 117 and 
?nFf ^u -^J^ attained by a^ plurality of bolts 
120 (which may be observed more clearly in 110 
Fig. 11) which extend through the flansc 
portions 107 of the hubs 104. 105 and 
threadedly engage the shcU 117. The bolts 
1^0 have been illustrated in dotted lines in 
Mg. 10. as they are disposed between ad- 115 
joining radial passages 112. 

It will be observed from the structure 
thus far described that the hollow roller is 
formed so as to facilitate the circulation of 
the cooling medium therethrough. In order 120 
to limit the mass of the fluid within the 
roller, the internal space 121 of the roller is 
reduced in volume by the insertion of an 
internal cylindrical structure formed of a 
cylmdrical member 122 and a pair of end 125 
members 123. The members 122 and 123 
are permanently secured together and are 
attached to and carried bv^the shaft 100. 
Circulation of a coolant through the space 
121 is achieved by two sets of oneninas 124 
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and 125 formed in the shaft 100 and associ- 
ated baffles 126 and 127. With this arrange- 
ment the coolant may enter the right hand 
end of the shaft 100 and flow through open- 
/) ings 124. then the space 121 and the open- 
ings 125, and be discharged through the 
conduit 102 at the left hand end of the 
shaft 100. 

The outer surface of the cylindrical shell 
10 117 forming part of the roller 15 carries a 
cylindrical covering 128 of a material which 
is preferably a good heat conductor, such 
as brass or aluminium. The covering 128 
includes a plurality of spaced, longiUidin- 
15 ally-disposed openings or passages 129 which 
communicate with transverse openings 130 
in the flanges 107 in order to connect the 
passages 129 with the radial passages 112. 
Air is withdrawn from the axially dis- 
20 posed openings 113, previously described, 
by means of a pair of manifolds 131 and 132 
which are identical in construction, but re- 
versed in position so that a median plane 
between the two manifolds is substantially 
25 tangential to the embossing roller. This re- 
versal in position of the manifolds 131 and 
132 is necessitated by the fact that both such 
manifolds employ means to block vacuum 
passages (yet to be described) during their 
.^>0 travel through a predetermined angular por- 
tion of roller movement. Since both mani- 
folds 131, 132 are identical, only the mani- 
fold 131 will be described. The manifold 
131 is essentially cylindrical in shape and 
35 has an internal diameter such as to permit it 
to be rotatably received by the bearing sur- 
face 110 of the hub 104. The manifold 131 
is also provided with a side surface 132a 
which rides snugly against the bearing sur- 
40 face 111 of the hub 104. While the manifold 
131 and the hub 104 may be made of any 
suitable material, it has been found that, 
by utilizing a material such as cast iron* for 
the hub 104 and a material such as bronze 
45 for the manifold 131, excellent bearing is 
obtained with minimum loss of warmth. 
The manifold 131 is secured in position on 
the roller by a plate 133 which bears against 
an outer surface 134 of the manifold 131 
«')0 and is secured to the hub 104 by bolts 135. 
If desired, the shaft 100 may include a re- 
duced section 136, in which case the inside 
diameter of the attaching ring 133 would 
be arranged to fit such reduced section snugly 
55 and limit the innermost position of the ring. 
The vacuum or air passage within the 
manifold 131 is in the form of an arcuate 
slot 137 formed in the surface I32a of the 
manifold. The diameter of the slot 137 is 
co-ordinated with the axially disposed open- 
ings 113 of the hub 104 so that when the 
manifold 131 is in position on the roller 
as illustrated, the passages 113 will be 
aligned with the arcuate manifold slot 137. 
^5 A conduit 138 is threadably inserted in an 



opening 139 of the manifold and communi- 
cates with the arcuate slot 137. 

The conduit 138 may be connected to a 
suitable vacuum pump or equivalent means 
for extracting air from the embossing roller 70 
15. 

It has previously been pointed out that 
it is desirable to cut off the vacuum from 
successive pordons of the embossing roller 
15 as they pass between the point of strip- 75 
ping the finished product from the emboss- 
ing roller 15 and the point at which the film 
II is applied to the roller 15 for the em- 
bossing operation. This is accomplished by 
limiting the angular extent of the slot 137 in 80 
the manifold 131, as will be observed more 
clearly in Fig. 11. In this figure it will be 
observed that the slot 137 has an anaular 
extent of slightly greater than 270° and is 
in communication with all but four of the »So 
axially disposed openings or vacuum ports 
113. These four ports 113 are. therefore, 
automatically blocked or closed by the 
manifold 131. Since the manifolds 131. 132 
are fixed relatively to the embossing roller nO 
15, it is evident that, by property alignins 
the position of the manifolds 131 and 132 
relative to the position of the pressure or 
heating roller 23 and the take off roller 32 
as shown in Fig. 1, as each of the vacuum f>5 
ports 113 moves through the angular posi- 
tion between these two rollers 23 and 32, 
they will be successively blocked by the 
manifolds 131, 132 to prevent unnecessary 
loss of vacuum. It is also apparent that 100 
the angular extent of the slot 137 can .be 
arranged in any desired manner to co-ordin- 
ate the operation of the manifolds 131. 132 
with the position of the take-off and pres- 
sure rollers 32 and 23 respectively, as pre- 105 
viously described. 

The embossing roller 15, while being 
generally useful for the embossing of plas^- 
tic sheet materials, is particulariy useful for 
fabricating cushioning materials such as are HO 
shown and described in connection with 
Figs. 8 and 9 of the drawings. For this 
purpose, the outer surface of "the roller 15 
is provided with an embossing layer 140 
having a plurality of discrete openings or 115 
pockets 141 formed therein. In the Illus- 
trated form, this layer 140 gives the appear- 
ance of a grating, and may be formed of 
any suitable material having low heat con- 
ductivity as. for instance, the silicones, tetra- 120 
fluoroethylenes, heat resistant rubbers, epoxv 
resins, and low heat conductive metals, such 
as alloys of tin and bismuth. While the 
layer 140 may be secured to the roller 15 
in any desired manner, it is preferably fab- 125 
ricated in the form of a cylinder and assem- 
bled into the roller 15 prior to the attach- 
ment of one or both of the hubs 104 and 
105 so as to be held in position by such 
hubs. Vacuum is applied to the openincs l-^O 
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or pockets 141 by serrating the surface of 
the cylindrical covering 128, as indicated 
at 142 in Figs. 12 and 13, and providing 
spaced vacuum pons 143 connecting the ser- 
") rated surface with the longitudinally dis- 
posed passages 129, as may be observed in 
Figs. 12 and 13. Since the embossing layer 
140 is carried on top of the serrated sur- 
face 142, air can readily flow beneath the 
lu embossing layer 140 and thus the necessity 
of having an individual vacuum port 143 
communicating with each of the individual 
openings or pockets 141 is avoided. 

Fig. 14 illustrates the flow of air be- 
15 neath the embossing layer 140, by reason 
of the utilization of The serrated surface 142, 
and it is evident that alternative structures 
may be employed for this purpose as, for 
instance, a layer of woven material such as 
20 a metal screen 144 or the like, as shown in 
Fis. 17. 

In certain cases it may be desirable to 
fabricate the embossing layer 140 of a ma- 
teria! having increased heat conductivity in 
25 order to effect more rapid cooling of the 
embossed plastic film. In such an instance 
it may be desirable to coat the surface of 
the embossing layer 140 with a material 
such as an epoxy resin and silicone resin, or 
:in the like, as indicated at 145 in Fig. 12 in 
order to isolate the unembossed pwftions of 
the film from contact with the outer sur- 
face 146 of the embossed layer 140. The 
heat-insulating layer 145 may be either rigid 
3;") or resilient as may be desired. In this way 
increased cooling of the formed portions of 
the film would be obtained, while the un- 
embossed portions, which are to be fused 
onto the sealing layer 13 would remain at 
40 a reasonably high temperature to ensure 
complete fusion. If rapid cooling is not re- 
quired, the embossing layer 140 may be 
fabricated of a material having good heat 
insulating characteristics, in which instance 
4') a surface layer of insulating material would 
not be required. This structure is illus- 
trated in Fig. 18. 

A further modification of the embossing 
layer 140 is illustrated in Figs, 15 and 16, 
50 wherein both the serrated surface 142 and 
the screen 144 are eliminated. In this case, 
the embossing layer is provided, as in the 
previous embodiments of the invention, with 
a plurality of embossing openings or 
55 nockets 141 separated by defining walls 
148. Each of the walls 148 in this embodi- 
ment, however, is provided with a channel 
149 formed in the inner surface in order 
to permit air to flow freely from pocket to 
(10 pocket, and thus enable the spaced vacuum 
ports 143 to evacuate all of the pockets 141 
10 effect the embossing operation. 

In the form of embossing roller shown 
in Fiss. 15 and 16, the embossing layer is 
coated with an insulating resin 150, which 



corresponds to the heai-insulaiing layer 145 
shown in Fig. 12, and further mcludes an 
outer layer 151. 

The outer layer 151 preferably constitutes 
a thin section of a heat conductive material 70 
which can be heated and which would re- 
tain the heat for a reasonable period after 
the completion of the laminating operation, 
as previously described. The utilization of 
the conductive outer layer 151 enables the 75 
unformed portions IT (see Fig, 8) of the 
embossed film 11 to be maintained close to 
the fusing temperature while selectively 
cooling the embossed product. The outer 
layer 151, being of a conductive material, 80 
may be readily heated by any suitable 
source of radiant energy, and particularly 
high frequency energy that would have a 
more pronounced effect in selectively heat- 
ing the outer layer 151. 85 

The embossing roller 15 herein described 
has a significant advantage in that it affords 
individual control of the vacuum and cool- 
ing medium, which greatly simplifies the 
operation of the equipment and affords a 90 
more versatile piece of apparatus. Further- 
more, the unique arrangement and co-ordin- 
ation of the elements enables the embossing 
roller 15 to be formed in individual sections 
which can readily be taken apart for clean- 95 
ing and/or for modifying the embossing 
surface. Thus, if a change in pattern is 
required, it is merely necessary to replace 
the embossing layer 140 with another em- 
bossing layer having modified openings or 100 
pockets to effect the desired result. 

While various embodiments of the em- 
bossing roller have been illustrated and des- 
cribed, it is of course evident that changes 
can be made in the construction of such 105 
roller while retaining the numerous advan- 
tages such as independent control of the 
vacuum and cooling mediums, selective con- 
trol of the vacuum applied lo the vacuum 
conduits, and ready exchangeability of the 110 
embossing layer. 

It will be understood also that only cer- 
tain forms of the invention have been illus- 
trated and described herein and that 
changes, modifications and alterations may 1 15 
be made without departing from the scope 
of the invention as defined by the appended 
claims, 

WHAT WE CLAIM IS: — 

I. Apparatus for embossing and lamin- 120 
ating synthetic plastic films or sheet ma- 
terials comprising an embossing roller in- 
cluding a cylindrical shell mounted for rota- 
tion and containing a chamber through 
which cooling fluid may be circulated, va"c- 125 
uum passages being provided in communi- 
cation with surface openings or pockets of 
the roller to permit vacuum to be applied 
to such openings or pockets, said passages 
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being connected to a vacuum conduit, means 
for heating a first synthetic plastic film or 
sheet 10 embossing temperature and feeding 
it continuously to the embossing roller. 
5 means for heating a second synthetic plastic 
film sheet to a fusing temperature and feed- 
ing it onto the embossing roller in over- 
lying relationship to the first film or layer, 
and a take off roller for receiving the com- 
10 bined films as they pass off the embossing 
roller after having cooled therein. 

2. Apparatus as claimed in Claim 1 
wherein the shell has a plurality of vacuum 
passages therein, and is surrounded by an 

15 embossing layer wherein the surface open- 
ings or pockets which communicate with the 
vacuum passages, are provided. 

3. Apparatus as claimed in Claim 2 
wherein the vacuum passages are disposed 

20 in spaced parallel relationship one to the 
other and to the axis of rotation of the 
roller and further including means whereby 
the vacuum is applied to the vacuimi pas- 
sages as they move through a predetermined 

25 angle of rotation of the roller and the 
vacuum is interrupted to the passages as they 
move through the remaining angle of rota- 
tion of the roller. 

4. Apparatus as claimed in Claim 3 
30 wherein the roller comprises a pair of hubs 

carried by a hollow shaft and disposed one 
at each end of the shell, each hub, having 
a plurality of passages each commimicating 
with one of the vacuum passages in the shell 

35 and terminating at the outer face of the re* 
spective hub. the said means whereby the 
vacuum is applied comprising for each hub, 
a manifold carried by and rotatabie relative 
to its respective hub and having an arcuate 

40 vacuum slot which registers only with those 
vacuum passages within the said predeter- 
mined angle. 

5. Apparatus as claimed in Claim 2. 3 
or 4 wherein the embossing layer is re- 

45 movably secured to the shell. 

6. Apparatus as claimed in any preced- 
ina claim wherein the outer salient portions 
surrounding the openings or pockets of the 
roller are provided with a layer of heat- 

50 insulating material. 

7. Apparatus as claimed in Claim 6 
wherein the layer of heat-insulating material 
is resilient. 

8. Apparatus as claimed in Claim 6 or 
55 7 wherein a layer of heat-conductive ma- 
terial is provided over the layer of heat- 
insulating material. 

9. Apparatus as claimed in any preced- 
ing claim wherein means are provided for 

(>0 spraying a coolant onto the films to set 
them, prior to passing off the embossing 
roller. 

10. Apparatus as claimed in Claim 9 
wherein the coolant is a liquid and the ap- 



paratus further includes gas pressure means 65 
for dpctorijag the liquid prior to passage of 
the combined films off the embossing 
roller. 

11. Apparatus as claimed in any pre- 
ceding claim wherein the means for heating 70 
the first synthetic plastic film or sheet and 
feeding it to the embossing roller comprises 

a pair of gas manifolds positioned in over- 
lying relationship, the confronting faces of 
such manifolds each having a plurality of 75 
orifices therein, means for feeding the first 
film or sheet between the manifolds and 
onto the embossing roller, and means for 
supplying heated gas under pressure to the 
manifolds so that it is discharged onto the ^0 
film so as both to heat the film and snp- 
port it physically. 

12. Apparatus as claimed in Claim 11 
wherein the median plane between the mani- 
folds is substantially tangential to the cm- 
bossing roller. 

13. Apparatus as claimed in any of the 
preceding claims wherein a first pressure 
roller is provided for pressing the first film 
or sheet onto the embossing roller so as to 
take up the conformation of the latter prior 
to the feeding of the second film or sheet 
onto the roller. 

14. Apparatus as claimed in Claim 13 
wherein the pressure roller is heated. 95 

15. Apparatus as claimed in any of the 
preceding claims wherein a movable end- 
less belt is provided in engagement with at 
least part of the periphery of the embossing 
roller and serves to hold the first and second 100 
films or sheets tightly together during set- 
ting thereof. 

16. Apparatus as claimed in Claim 15 
wherein means is provided for cooling the 
endless belt. 105 

17. Apparatus as claimed in Claim 16 
wherein 'the means for cooling the endless 
belt comprises a cooled pressure roller, 

18. Apparatus as claimed in any of the 
preceding claims further including means 110 
for heating the surface of the embossing 
roller in advance of the application of the 
first synthetic plastic film or sheet. 

19. Apparatus as claimed in any of the 
preceding claims further including means for 115 
heating a third synthetic plastic film or 
sheet, and means for feeding such third film 

or sheet in overlying pressure enaagement 
with the outer faces of the embossed por- 
tions resulting from entry of parts of the 120 
first film into the surface openings or 
pockets of the embossing roller, so as to 
seal the third film onto such embossed por- 
tions, and means for coolins the third 
film. - 125 

20. Apparatus as claimed in Claim 19 
wherein the means for cooling the third film 
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comprises a heat conductive belt and means 
for cooling the same. 

21. Apparatus for embossing and lamin- 
ating plastic films or sheet materials sub- 
n stantially as hereinbefore described with 
reference to and as illustrated in the ac- 
companying drawings. 
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